Renewable energy resources are known to have two critical problems-fluctuation and low density. The authors have already demonstrated the worldwide potential of wind energy within a previous study. In this study, we describe the problem of the fluctuation of renewable resources and its solution. The authors applied "system energy technology" to renewable resources as a relatively long-term solution to the fluctuation problem. System energy technology is a concept for producing new value without new development and it was named by one of the authors of this paper, Prof. Masaru Hirata. This concept is adapted to renewable resources such as a combination of solar and wind energies. The output, which is transformed into hydrogen, is estimated for three different cases-1 kW wind turbine, 1 kW solar cell, and a combination of both in order to study the effect of combining the two resources. The computation is carried out for 840 AMeDAS sites in Japan. The authors observed that the effect of combination is particularly strong in the area along the sea of Japan. In these areas, the monthly fluctuation in the power supply could be reduced by the combined system. On the other hand, the daily output of renewable energy varies. In order to solve this problem, the authors propose that the electric output should be changed to hydrogen. This system is called as the Hythane (hydrogen + methane) pipelines. The authors will discuss the Hythane pipeline systems in the following system study.
Introduction
Our society is based on energy consumption, which is necessary for all activities such as those of humans and machines. The activity of society is proportional to its energy consumption, and it appears that an ideal society is equivalent to one that consumes a lot of energy. However, energy should be appropriately consumed based on scientific principles. An energy problem arises due to our over reliance on fossil fuels as an easy source of primary energy. Natural energy is considered to be cleaner than fossil fuels. Natural energy, except geothermal energy, originates from the sun, and it is converted into useful forms of energy such as electricity using wind turbines, solar cells, etc. The overall energy balance on the earth is maintained since surplus energy is emitted from the earth in the form of radiation. The greatest energy source is the sun, which is external to the earth. This implies that it can avoid increasing the entropy of the earth by using natural resources. In other words, it increases the amount of energy on the earth. We do not harness such a useful natural energy source because it has a low energy density as compared to that of conventional power conversion technology and it is irregular/unstable (it has fluctuations). To use natural energy, it is necessary to improve its unstable characteristics; it is expected that this problem will be solved by using system energy technology. Therefore, the authors considered the application of system energy technology to natural resources. The system energy technology application is defined as follows: produce a new value without the need for new technological developments. We attempted to apply this method to a combination of wind and solar energy. In addition, an output in the form of electricity usually cannot be stored in large amounts; however, it can be stored in large amounts in the form of hydrogen since hydrogen is a physical material.
There are some fluctuation periods for renewable resources, mainly seasonal and daily periods. It is generally difficult to solve the seasonal fluctuation problem using hydrogen because natural energy does not harness an adequate amount of outputs and it is infeasible to install such large hydrogen storage tanks. Therefore, we propose the use of the system energy technology to address the seasonal fluctuations and hydrogen storage to address the daily fluctuations. Further, this hydrogen energy storage could be potentially useful for fuel cell applications in the future. In this study, we computed the electricity output from wind turbines, solar cells, and a combination of these from the data for the last ten years recorded from 840 AMeDAS observation sites; we could clarify the effectiveness of the system energy technology for the case of combination of wind and solar energy. 
Computational setup

Wind power
In this calculation, we assumed a small wind turbine whose output performance curve is shown in figure 1 . The performance parameters of the wind turbine are listed below. 
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In our calculations, the change in the wind direction is not considered within calculation. Wind continuously changes not only in speed but also in direction. However, the authors considered that a propeller-type windmill is used for measuring the wind velocity at an AMeDAS observation site, and the change in the wind direction should be incorporated into the wind velocity measurement. The observation data are given in terms of the averaged wind velocity per hour. The output is obtained by using these wind velocity and power curve.
Solar power
Sunlight comprises the total amount of solar radiation-i.e. direct solar radiation, sky solar radiation, and reflectional solar radiation. The total amount of solar radiation is represented by equation (1) In order to calculate the radiation incident on a tilted panel, the following three parameters should be determined.
(1) T: Panel tilt angle (2) α': Panel azimuthal angle (3) ρ G : Ground reflectance (where : ρ G can be ignored since it is 3~5% of the total amount of horizontally incident solar radiation.)
Fig.2 Inclined Solar Radiation
In this study, the authors avoided giving the most suitable panel tilt angle about 840 places of AMeDAS observation spots, and the solar cell panel is assumed to be flat (horizontal). As per this assumption, the influence of energy generation would be around 20% underestimate as shown in Fig.3 . The authors considered that the 20% underestimate should be included in our fundamental study.
We assumed that it is necessary for the solar cell panel to have an area of 10 [m 2 ] when it is horizontal. For this area, the output rating would be around 1 kW, which would balance the 1 kW wind turbine that we assumed. In our calculations, we assumed an amorphous silicon solar cell whose efficiency is around 10%. Generally, the efficiency of a solar cell does not change with scale (large or small The amount of electric energy that is required to obtain one cubic meter of hydrogen is called as the hydrogen energy basic unit. In this study, the authors employed a proton-exchange-membrane-type electrolyzer. This type of electrolyzer is expected to be mass-produced in the near future, and it will function as a fuel cell for home cogeneration systems. A proton-exchange-membrane-type fuel cell provides a functionality that is the exact opposite of that of an electrolysis device. The hydrogen energy basic unit of this type of fuel cell is calculated in this study as 6.8 [kWh/m 3 ].
Procedure
The authors define a value called "total annual deviation," examples of which are shown in the figure below. We subtracted the monthly output from the annual average and if each monthly output is equal, then the final value becomes zero. If this value is large, it implies that the output fluctuation is large. We performed this calculation for the wind turbine output, solar cell output, and the output for the combined case. The combined system is considered to be effective at an observation point when it satisfies the following relation:
Total independent deviation > total deviation in the combined system An observation point that shows a large difference is considered to be a highly effective area for the combined system. Therefore, this difference is defined as the index of the combined system.
Fig.4 Monthly Electricity Generation and its Deviation
Results and Discussions
The computational results are shown by using several tables and figures. Parties interested in obtaining these results can contact the authors. Instead of showing all the calculated results, we only show the complete count for ten years. Table 2 shows the 20 highest ranking observation points for a complete count. According to table 2, the results indicate a variation in the potential of the combined system in each prefecture. The authors determine the potential for each prefecture in the next expression. Through this sorting, the potential of the combined system in Hokkaido prefecture was verified. Other characteristics indicate a high mutual supplemental effect in a prefecture near the sea shore of Japan. Figure 10 shows the potential of the total system in each prefecture. Figure 11 shows the potential of each prefecture on the map. Figure 12 shows the results shown in Table 2 on the map. 
